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1. Introduction
Rel-18 Study Item is approved on Study on evolution of NR duplex operation with the target to provide enhanced UL coverage, reduced latency, improved system capacity, and improved configuration flexibility for NR TDD operation. According to SID [RP-222110], in this RAN1 led SI tasks for RAN4 scope are explicitly stated as below:
	· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).


In RAN4#106, the group has agreed on the following work-split:  
	No.
	Section for TR 38.858
	Responsible company

	1
	10.1 Background for analysis
	Ericsson

	2
	10.2 Feasibility of FR1 Wide Area BS aspects
	Samsung

	3
	10.3 Feasibility of FR1 Medium Range BS aspects
	Nokia

	4
	10.4 Feasibility of FR1 Local Area BS aspects
	CATT

	5
	10.5 Feasibility of FR2 BS aspects
	Huawei

	6
	10.6. FR1 Feasibility of UE aspects
	MediaTek

	7
	10.7 FR2 Feasibility of UE aspects
	Qualcomm

	8
	10.8 Summary
	CMCC

	9
	11.1 Impact on BS RF requirements
	ZTE

	10
	11.2 Impact on UE RF requirements
	Qualcomm

	11
	12 Adjacent channel co-existence evaluation results
	Samsung

	12
	13 Regulatory aspects for deploying the duplex enhancements in TDD unpaired spectrum
	CableLabs



In RAN4#106-bis-e, RAN4 has agreed that the TR section “Feasibility of FR1 Wide Area BS aspects” shall be further broken-down to harmonize the common understating from RAN4 if possible and summarize the input from companies [R4-2306006], and the TR skeleton breakdown for that section. Based on that, we would like to provide our text proposal on the section of “feasibility of FR1 Wide Area BS aspects”, based on the latest TR 38.858 v0.4.1.
2. Text Proposal

< START OF Text Proposal >
9.2 Feasibility of FR1 Wide Area BS aspects
9.2.1	Self-interference analysis
Editor's note: This section captures the typical assumption based on which the RSIC capability is derived and analysis results
9.2.1.1	Summary table for self-interference analysis
Editor's note: This section captures the summary table which is based on self-interference analysis framework. 
Based upon RAN4 agreements, the RSIC capability is broken down into four aspects: (1) spatial isolation; (2) frequency isolation; (3) beam nulling/isolation and (4) digital IC. Accordingly, based upon the inputs from companies, the ranges for values of (1)-(4) are summarized in reply LS [R4-2214376]; however, the detailed ranges are the supersets of results provided from source companies which require further feasibility analysis. Therefore, RAN4 further carried out the study based on a more detailed self-interference analysis framework [R4-2220244], which is used to capture inputs from companies. 



Table 9.2.1.1-1: FR1 WA BS Self-interference Analysis Summary
	FR1
	Samsung
	Samsung
	Company-B
	Company-C
	Company-D
	
	
	

	BS class
	Wide 
Area BS
(subband filter-1)
	Wide 
Area BS
(subband filter-2)
	
	
	
	
	
	

	BS TX Power  = ① dBm
	49 dBm
	49 dBm
	
	
	
	
	
	

	Component 
capability and parameters
	Frequency isolation at TX
	Frequency isolation capability  = ② dBc
	45 dBc
	45 dBc
	
	
	
	
	
	

	
	
	Frequency isolation 
techniques used
	DPD utilized
	DPD utilized
	
	
	
	
	
	

	
	Spatial isolation
	Spatial isolation capability 
 = ③ dBc
	80 dBc
	80 dBc
	
	
	
	
	
	

	
	
	Spatial isolation 
techniques used
	TX/RX panel separation and RF barrier structure
	TX/RX panel separation and RF barrier structure
	
	
	
	
	
	

	
	TX Beam nulling /isolation in TX sub-band
= ④ dBc
	10 dBc
	10 dBc
	
	
	
	
	
	

	
	DL EIRP impact due to beam nulling in TX sub-band
	Limited, ~0dB
	Limited, ~0dB
	
	
	
	
	
	

	
	Self-interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.   (Note 1)
	-86 dBm
Note: provided by 
①-②-③-⑨ dBm
	-86 dBm
Note: provided by 
①-②-③-⑨ dBm
	
	
	
	
	
	

	
	RF IC and other tech. (before LNA)
	RF IC capability and other tech. in TX sub-band  = ⑤ dBc
	15 dBc
	11.8 dBc
	
	
	
	
	
	

	
	
	RF IC capability and other tech. in RX sub-band  = ⑧ dBc
	0dBc
	0dBc
	
	
	
	
	
	

	
	
	RF IC techniques and other tech.
(before LNA)
	subband filtering
(20MHz passband, 2* 5PRB transition band used for roll-off between passband/stopband)
	subband filtering
(24.8MHz passband, 2*3.8MHz transition band used for roll-off between passband/stopband)
	
	
	
	
	
	

	
	
	Impacts to RX sensitivity (due to e.g. insertion losses) due to RF IC or other techniques before LNA
	Limited
	Limited
	
	
	
	
	
	

	
	Self-Interference signal in gNB TX subband, measured at the input of LNA  (Note 1)
	-56 dBm
Note: provided by 
①-③-④-⑤dBm
	-52.8 dBm
Note: provided by 
①-③-④-⑤dBm
	
	
	
	
	
	

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	40 dBc
	40 dBc
	
	
	
	
	
	

	
	
	Frequency isolation techniques 
	Filtering
	Filtering
	
	
	
	
	
	

	
	
	RX IMD


	Rx IIP3 capability (dBm)
	With subband filtering, RX non-linearity impact is neglectable
	With subband filtering, RX non-linearity impact is neglectable
	
	
	
	
	
	

	
	
	
	Rx IM3 contribution (dBm)
	
	
	
	
	
	
	
	

	
	
	Other RX 
	Any other RX impacts if significant (e.g. ADC noise, phase noise etc.)
	N/A
	N/A
	
	
	
	
	
	

	
	Self-Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized 
(Note 1, 2)
	-96 dBm
Note: provided by 
①-③-④-⑤-⑥dBm
	-92.8 dBm
Note: provided by 
①-③-④-⑤-⑥dBm
	
	
	
	
	
	

	
	RX Beam nulling /isolation in RX sub-band
= ⑨ dBc
	10 dBc
	10 dBc
	
	
	
	
	
	

	
	RX sensitivity degradation caused by RX beam nulling
	Limited, ~0dB
	Limited, ~0dB
	
	
	
	
	
	

	
	Digital IC  = ⑦ dBc
	20 dBc
	20 dBc
	
	
	
	
	
	

	Overall RSIC capability  (Note 1)
	154.6 dBc
	154.2 dBc
	
	
	
	
	
	

	Noise floor ⑩dBm
	-96dBm/20MHz
	-96dBm/20MHz
	
	
	
	
	
	

	Residual Interference budget with 1 dB desens target (⑪dBm=⑩dBm-6dB)
	-102 dBm
	-102 dBm
	
	
	
	
	
	

	Required RSIC budget (①-⑪dBc)
	151 dBc
	151 dBc
	
	
	
	
	
	

	SBFD configuration
	DUD(40-20-40MHz)
	DUD(40-20-40MHz)
	
	
	
	
	
	

	Guardband assumption (if exist)
	5 PRB
	5 PRB
	
	
	
	
	
	

	bandwidth over which suppression is achieved
	20MHz
	20MHz
	
	
	
	
	
	

	Others
	
	
	
	
	
	
	
	






9.2.1.2	Feasibility study on self-interference
Editor's note: This section captures the feasibility study on self-interference based on individual companies’ analysis. 
9.2.1.2.1	Samsung
Editor's note: Individual company may provide the analysis assumption/configuration used for the corresponding analysis summarized in 9.2.1.1. Additionally, the views on the preference/views on component technology and corresponding trade-off can be provided and analysed.  
When SBFD is implemented at the gNB, the received UL signal at the gNB is subject to co-channel self-interference from the gNB side transmitter. Methods to cancel the self-interference include passive methods which rely on the antenna isolation between Tx and Rx antennas, active methods which utilize RF or digital signal processing, hybrid methods using a combination of these, and filtering.
Achieving a sufficient level of residual self-interference suppression and cancellation is the most critical part when implementing SBFD at the gNB. Without adequate SIC capability, the interference from the transmitted DL signal would corrupt the received UL signal as illustrated in Figure 9.2.1.2.1-1 (a). To solve this problem, various SIC schemes can be used. Using the example of Figure 9.2.1.2.1-1 (b), SIC capability can be provided through the antenna or panel design (A), can be applied in RF domain to the RF signal (B) or in digital signal domain (C), or a combination of these.
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Figure 9.2.1.2.1-1: gNB transceiver architecture with self-interference cancellation capability

For example, antenna SIC can be used to minimize the leakage power from the Tx ports to the Rx ports of the panel, and digital SIC is then used to handle any residual interference after antenna SIC. DL out-band signal power flowing into the UL Rx path can be effectively suppressed below the noise floor level to guarantee the UL receiver performance. Also, by combining digital pre-distortion (DPD) at the Tx path and digital SIC at the Rx path, the out-band interference from the DL signal to the UL signal can be effectively mitigated by the gNB such that the need for a guard band between the UL and DL signals is minimized. 
Spatial Isolation by Antenna Design 
In the analysis it’s assumed separate panels for simultaneous downlink transmission and uplink reception as separate-TX/RX antenna array for evaluation of SBFD operation. The basic spatial isolation between RX and TX antenna panels can be achieved by directional isolation. 
Firstly, Tx/Rx isolation can be increased by increasing the spatial distance. Furthermore, an additional RF barrier structure could be useful to further improve Tx/Rx isolation performance, and using the RF barrier between the Tx and Rx panels could also affect the required spatial distance separating the Tx and Rx panels. A well-designed RF barrier can minimize the need for large spatial separation and mostly preserve the existing antenna form factor and enclosed volume comparable to legacy TDD. To design an efficient RF barrier, various electromagnetic resonator structures can be incorporated into the antenna design, e.g., wall(s), gap(s), or a combination of them. These result in surface wave nulling and can further block the undesired leakage signals from the Tx panel to the Rx panel.
Figure 9.2.1.2.1-2 demonstrates the S21 measurement results with respect to the distance between upper and lower antenna panels in our FR1 3.5 GHz SBFD testbed. 
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Figure 9.2.1.2.1-2: FR1 testbed and SIC performance when varying distance between upper and lower panel
While it can be expected that spatial isolation numbers vary depending on the form and particular layout configuration of antenna elements in the upper and lower panels, we have shown that >80 dB antenna isolation is possible between the Tx and Rx panels in FR1, with reasonable separation distance between upper and lower panel.
An important design consideration for increased spatial isolation provided by the RF barrier is whether such stopband performance is stable over a wide enough frequency range. Electromagnetic (EM) isolators and resonant structures are designed around a specific center frequency, e.g., 3.5 GHz. Therefore, design of the resonant structure must account properly for the channel bandwidth and NR operating band under consideration to provide a sufficiently large stopband between Tx and Rx panel. Another consideration is that undesired Tx/Rx interference is created by multiple EM sources, e.g., antenna elements in the Tx panel. Therefore, diffusion of the corresponding surface waves is more challenging when isolating the Tx and Rx panel. Despite these challenges, our FR1 3.5 GHz testbed have achieved isolation performance that show almost uniform antenna and panel isolation performance with respect to frequency for the 100 MHz channel BW of the NR carrier in 3.5 GHz. 
According to the applied mechanisms and measurement results, the achievable level for TX and RX spatial isolation without impact on radiation pattern based on compact antenna size is around 80dB for FR1. 
TX and RX beam nulling/isolation
The effect of beam nulling for isolation depends on implementation and antenna array size. For both TX and RX panels, the large number of antenna elements for TX/RX beamforming can provide the ability to provide nulling to mitigate the self-interference by increasing the isolation. For FR1 up to 10dB isolation by beam nulling can be contributed to residual interference suppression. 
Frequency isolation at TX
For SBFD, in which the Tx signal and the Rx signal are respectively allocated to non-overlapping frequency-domain resources on the same time-domain symbol for simultaneous transmission and reception, at least the waveform roll-off therefore reduces the magnitude of the Tx-Rx interference to which the Rx signal is subjected. Additionally, BB filtering can be applied to further increase the achievable isolation. The use of frequency-domain isolation between the Tx and Rx signal allocations is primarily an approach that serves the purpose of reducing the amount of self-interference which must be further cancelled by a digital cancellation stage. 
In the case of gNB-side SBFD operation, the SBFD UL subband can be considered as out-of-channel with respect to the 1 or 2 SBFD DL subband(s). Undesired spectral leakage from the DL Tx signal in the gNB into the Rx path are reduced similar to the case of out-of-channel leakage, e.g., comparable to the gNB Tx-side Adjacent Channel Leakage Ratio (ACLR) for coexistence between two operators on adjacent channels in the same NR band. Note that ACLR is determined by the non-linear characteristics of the PA and corresponding RF requirements are set by RAN4, e.g., 45 dBc for the gNB Tx.
While it can be assumed that the achievable Tx-to-Rx interference from the SBFD DL subband to the UL subband can only guarantee performance according to the less stringent in-channel RF requirements, our FR1 3.5 GHz testbed implementation shows that the use of digital pre-distortion (DPD) techniques to improve upon the non-linearity characteristics of the PA can achieve 45 dBc isolation between the SBFD DL and UL subbands. Figure 9.2.1.2.1-3  shows the achievable isolation in frequency domain for FR1 SFBD when Tx-to-Rx leakage is also compensated for by DPD based on the FR1 3.5 GHz testbed.
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Figure 9.2.1.2.1-3: FR1 testbed and PSD for SBFD DL and UL SBs after antenna isolation and digital pre-distortion

Frequency isolation at RX and RF SIC
Note that TDD gNB radio unit design must also account for ADC and LNA in the receiver path, e.g., to prevent Rx saturation or blocking by the spectral leakage created from the undesired Tx signal. To prevent ADC saturation in the Rx path of the gNB radio unit supporting SBFD, Rx filtering can be used to suppress the leakage from the Tx side interfering signal. Additional Rx filters can provide protection to avoid potential dynamic range and saturation issues for ADC or LNA when demodulating the UL subband in the Rx path of the gNB. Note that for RF filters with sharp roll-off’s, the order of the filter must increase, and so must then the size of the filter. Additional insertion losses are incurred which negatively affect the link budget. 

High-Q value RF filter can provide enough attenuation towards high power level interference in the DL subband(s), not only for the self-interference but also other co-channel interference sources from co-site inter-sector and inter-site gNBs. As illustrated in the below figure, for RF direct-sampling receiver (which shall be regarded as the receiver architecture more difficult to implement subband filter compared to super heterodyne and homodyne/zero-IF receivers) to have the RF subband filter be located between the two-stage cascaded LNAs, the normal design is to have the UL subband as passband and reserve a few number of PRBs (e.g., 5PRB assumed) for transition band(s) to allow a certain suppression to filter out interference signals over DL subband(s). 

[image: ]
Figure 9.2.1.2.1-4. Improved direct-RF sampling receiver with subband filtering between the two-stage cascaded LNAs

The key difficult is to design a high Q-value RF subband filter, which should also be restricted by the limited space in the integrated base station design. The RF filter performance for Q-values of 1500 and 5000 has been studied by using RF simulation tool as provided as below, by providing the transmission S21 and reflection S11 goal for the targeted 20MHz passband, 20dB return loss, stopband and 25dB attenuation. 
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Figure 9.2.1.2.1-5. Analog filter performance for Q=1500 (left) and 5000 (right), for 3.5GHz operating freq. and 20MHz passband

The feasibility of high Q-value RF subband filter with reasonable size/weight to be integrated into current gNB implementation has been challenged by some companies in previous RAN4 meetings. On the other hand, it should be noted that some novel designs are recently proposed, which could be based on some new structure for ceramic dielectric filter to have very good RF filtering performance as requested, and there are some preliminary results simulated by HFSS, which are based on the ceramic dielectric filter with the cascaded quardruplet structure dimensioned by 19.5mm*19.5mm*6mm illustrated in the below figure, that shall be regarded as reasonable small size/weight and feasible to be integrated in current gNB design. 

[image: ]

Figure 9.2.1.2.1-6. New cascaded quardruplet structure for ceramic dielectric filter

Furthermore, one alternative solution with relaxed Q-value subband filter but with more flexibility for subband configuration is also studied. As illustrated by the below figure, subband filter can still be implemented between the two-stage cascaded LNAs, and what different is the designed filter shall have a passband wider than the configured UL subband and the transition band could be much relaxed from 5PRB. For example, to support 20MHz UL subband, we can implement a subband filter easier to be implemented, e.g., {larger passband than 20MHz, more PRB for transition band} being considered.

[image: ]
Figure 9.2.1.2.1-7. Alternative solution with relaxed Q-value subband filtering

With the above design, the motivation of introducing UL subband filter is to reduce DL interference level to avoid RX blocking, rather than to remove all DL interference signals, thus making the filtering passband to be equal to UL subband unnecessary. If the subband filter with larger passband could prevent RX blocking, the residual interference not filtered by the subband filter can be further handled by the operation in the digital domain, including digital filtering and digital interference cancellation. 

For instance, we designed the filter with <25MHz passband and <4MHz used for roll-off transition band between passband/stopband and 25dB suppression (better suppression performance, but still easier to be implemented because of larger transition bands). We would also like to use HFSS-based RF simulation to demonstrate the feasibility of this design. There are some numerical results of the well-designed advanced RF filter for which we evaluate the performance by HFSS-based RF simulation. The filter is also based on the ceramic dielectric filter with the cascaded quardruplet structure with the same dimension as previous filter design (i.e., 19.5mm*19.5mm*6mm) but different structure illustrated as the below figure, that shall also be regarded as reasonable small size/weight and feasible to be integrated in current gNB design. 

[image: ]

Figure 9.2.1.2.1-8. New cascaded quardruplet structure for ceramic dielectric filter for filter design with 24.8MHz passband (intentionally larger than 20MHz UL subband)







[image: ]
Figure 9.2.1.2.1-9. RF simulation results for filter design with 24.8MHz passband (intentionally larger than 20MHz UL subband)

As demonstrated in the above figure, for this RF filter design, the passband (the point m2 to m3 in the above figure) is 24.8MHz, which is intentionally larger 20MHz as UL subband bandwidth. Even by considering 25dB suppression, the transmission bands are less than 3.8MHz for both lower and higher frequency sides. 

We can assume the worst case that 4.8MHz DL interference signals (24.8MHz passband – 20MHz UL subband BW) are not filtered out at all, and the DL interference at 2x 3.8MHz transition bands is filtered out by -14dB (for the worst case estimation by separating 3.8MHz into several parts). Therefore, we can derive the residual self-Interference signal in gNB RX subband (caused by non-ideal RX selectivity) gain-normalized  = as 49dBm - 80dB - 5dB - 11.8dB (subband filtering) - 40dB = -87.8dB, which is still 6.8dB smaller than the residual self-interference leakage in UL subband due to non-ideal TX. It should be noted that the equivalent suppression provided by subband filtering can be calculated as 10*log_10((4.8MHz/80MHz)*10^(0dB/10) + (2*3.8MHz/80MHz)*10^(-14dB/10) +  (67.6MHz/80MHz)*10^(-25dB/10)) = -11.8dB. Therefore, with the alternative solution with the subband filtering having a larger passband than the configured UL subband and larger transition bands for roll-off, the RF filter will be easier to be design. 

Additionally, analog filters such as IF and BB filters can be employed. For example, when the receiver is designed to use zero IF architecture, the receiver can use the lowpass filter to further remove the leakage signal after applying the mixer. By combining multiple LNAs, filter loss can be compensated more easily.

Digital IC
As aforementioned theoretically, the digital IC should be with the capability to remove all remaining self-interference if the total level to be handled by ADC input is within its dynamic range. For 12bit ADC with assumption of 12dB PRPA signal, the dynamic range is >50dB.
The desired received signal is mixed with the undesired DL leakage signal in the Rx path of the gNB radio, e.g., after ADC. The unwanted DL leakage signal must be removed by receiver processing using digital SIC. It is necessary to estimate the interference channel between the Tx panel and the Rx panel. Digital SIC performance is helped when synchronization to accurately remove the Tx signal from the Rx signal can be obtained. In principle, two methods exist to estimate the interference channel. One approach is to store information on a Tx signal that has passed through the PA with a feedback link and then estimate the interference channel over-the-air to remove the interference from the Rx signal. Another approach is to use only over-the-air estimation. Without a feedback link, the whole combined channel can still be estimated through the Rx panel. We used the first approach in the FR1 3.5 GHz testbed.

9.2.1.2.2	[Company Name]
9.2.1.2.3	[Company Name]
9.2.1.3	Conclusion
Editor's note: This section captures the conclusion for feasibility study on self-interference based on RAN4 agreement. 
Based on the feasibility study on self-interference in Section 9.2.1.2 and the summary table provided in Section 9.2.1.1, it can be concluded that with the proper implementation of component techniques including spatial isolation, frequency isolation, beam nulling, digital IC or a combination of these, the SBFD residual self-interference for FR1 WA BS can be controlled to the level of 6dB below the noise floor, which results in 1dB sensitivity degradation. 

9.2.2	Co-channel inter-sub-band co-site inter-sector interference analysis
Editor's note: This section captures the typical assumption of RF requirements and analysis results.

[bookmark: _Hlk142656725]9.2.2.1	Summary table for co-channel inter-sub-band co-site inter-sector interference analysis
Editor's note: This section captures the summary table which is based on co-channel inter-sub-band co-site inter-sector interference analysis framework. 
RAN4 has carried out the study based on an analysis framework as provided in the following table to capture co-site inter-sector co-channel interference impact [R4-2305917], which is used to capture inputs from companies.





Table 9.2.2.1-1: FR1 WA BS Co-site Inter-sector Co-channel Interference Analysis Summary
	FR1
	Samsung
	Samsung
	
	
	
	
	
	
	

	BS class
	Wide 
Area BS
(subband filter-1)
	Wide 
Area BS
(subband filter-2 and EM conjugated structure)
	
	
	
	
	
	
	

	BS TX Power  = ① dBm
	49 dBm
	49 dBm
	
	
	
	
	
	
	

	Number of co-site co-channel sectors considered
	1
	1
	
	
	
	
	
	
	

	Component 
capability and parameters
	Frequency isolation at TX
	Frequency isolation capability  = ② dBc
	45 dBc
	45 dBc
	
	
	
	
	
	
	

	
	
	Frequency isolation 
techniques used
	DPD utilized
	DPD utilized
	
	
	
	
	
	
	

	
	Spatial isolation
	Co-channel Co-site Inter-sector 
Spatial isolation capability 
 = ③ dBc
	75 dBc
	100 dBc
	
	
	
	
	
	
	

	
	
	Co-channel Co-site Inter-sector 
Spatial isolation 
techniques used
	Based on 75dB for typical spatial isolation 
	Based on 75dB for typical spatial isolation  and additional 25dB by installing EM conjugated structure between sectors
	
	
	
	
	
	
	

	
	TX Beam nulling /isolation of inter-sector interference in TX sub-band
= ④ dBc
	10 dBc
	10 dBc
	
	
	
	
	
	
	

	
	DL EIRP impact due to beam nulling in TX sub-band (considering all nulling for self- and inter-sector interference)
	Neglectable
	Neglectable
	
	
	
	
	
	
	

	
	Interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.  due to inter-sector interference (Note 1)
	-81dBm
	-106dBm
	
	
	
	
	
	
	

	
	Interference signal in gNB TX subband, measured at the input of LNA (Note 1) due to inter-sector interference
	-51dBm 
(-36dBm and further suppressed by 15dB subband filter)
	-72.8dBm
(-61dBm and further suppressed by 11.8dB subband filter)
	
	
	
	
	
	
	

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	40 dBc
	40 dBc
	
	
	
	
	
	
	

	
	
	Frequency isolation techniques 
	Filtering
	Filtering
	
	
	
	
	
	
	

	
	
	RX IMD


	Rx IIP3 capability (dBm)
	With subband filtering, RX non-linearity impact is neglectable
	With subband filtering, RX non-linearity impact is neglectable
	
	
	
	
	
	
	

	
	
	
	Rx IM3 contribution (dBm)
	
	
	
	
	
	
	
	
	

	
	
	Other RX 
	Any other RX impacts if significant (e.g. ADC noise, phase noise etc.)
	N/A
	N/A
	
	
	
	
	
	
	

	
	Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized due to co-site inter-sector co-channel interference only 
(Note 1, 2)
	-91dBm
	-112.8dBm
	
	
	
	
	
	
	

	
	RX Beam nulling /isolation in RX sub-band
= ⑨ dBc
	10 dB
	10 dB
	
	
	
	
	
	
	

	
	RX sensitivity degradation caused by RX beam nulling
	Neglectable
	Neglectable
	
	
	
	
	
	
	

	
	Digital processing interference supression capability
	20dB
	20dB
	
	
	
	
	
	
	

	Total interference in RX SB (dBm) (Note 2)
	-100.6 dBm
	-125.2 dBm
	
	
	
	
	
	
	

	Noise floor ⑩dBm
	-96 dBm/CBW
	-96 dBm/CBW
	
	
	
	
	
	
	

	Calculated Desensitization (dB)
	1.29 dB relative to normal RX REFSENS
(1.05 dB relative to normal RX REFSENS)
	Neglectable
	
	
	
	
	
	
	

	SBFD configuration
	DUD(40-20-40MHz)
	DUD(40-20-40MHz)
	
	
	
	
	
	
	

	Guardband assumption (if exist)
	5 PRB
	5 PRB
	
	
	
	
	
	
	

	bandwidth over which suppression is achieved
	20MHz
	20MHz
	
	
	
	
	
	
	

	Others
	subband filtering
(20MHz passband, 2* 5PRB transition band used for roll-off between passband/stopband)
	subband filtering
(24.8MHz passband, 2*3.8MHz transition band used for roll-off between passband/stopband)
	
	
	
	
	
	
	







[bookmark: _Hlk142656772][bookmark: _Hlk142656735]9.2.2.2	Feasibility study on co-channel inter-sub-band co-site inter-sector interference
Editor's note: This section captures the feasibility study on co-channel inter-sub-band co-site inter-sector interference based on individual companies’ analysis. 
[bookmark: _Hlk142656783]9.2.2.2.1	Samsung
Editor's note: Individual company may provide the analysis assumption/configuration used for the corresponding analysis summarized in 9.2.2.1. Additionally, the views on the preference/views on component technology and corresponding trade-off can be provided and analysed.  
The achievable antenna isolation is key factor to analyze the co-site inter-sector co-channel gNB-gNB CLI. For the below interested scenario, antenna isolation (with the achievable coupling loss) is to be evaluated: 
· 3 sector scenario is under consideration: 
· The angle between every two sectors’ boresight directions is 120 degrees;
· Sector antenna panel’s width is 180mm;
· Between two sectors’ antenna panel:
· The center-to-center distance is: 150mm;
· The nearest distance between edge to edge is: 60mm;
· Three antenna elements are used to form the antenna port. 
· 3.5GHz operating frequency with 100MHz bandwidth.
The above simulation scenario can be illustrated in Figure 9.2.2.2.1-1. In the right part of below figure, the top view is presented with the concerned panels of sector 1 and sector 2. 

[image: ]                           [image: ]
Figure 9.2.2.2.1-1: (Left figure) 3-sector scenario for co-channel co-site inter-sector antenna isolation study; 
(Right figure) top view for the 2-sector scenario.

Accordingly, we have performed HFSS-based RF simulation for the above 3-sector scenario, by evaluating the isolation from sector 2 to sector 1. Specifically, S-parameters between two antenna ports from two sectors are evaluated, by considering each pair of antenna ports with co/cross-polarization relationships, which is illustrated in Figure 9.2.2.2.1-2. The RF evaluation results have been provided in the Table 9.2.2.2.1-1.  
[image: ]      
Figure 9.2.2.2.1-2: Illustration of S-parameters for antenna port pair.
Table 9.2.2.2.1-1: S-parameter evaluation results.

Based on the numerical results, the variance of spatial isolation for different antenna port pairs and different co-/cross-polarization relationships can be demonstrated. Moreover, the edge effect (the wave traversing the surface of antenna panel is condensed and reflected arbitrary at the edge of the antenna panel or any obstacles) further complicates the results. 
By comparing the same pair of antenna ports but with co-polarization and cross-polarization, it is hard to have a simple observation for which one is higher, but different observations depend on the designated antenna pair. The results could be explainable by the +45degree and -45degree placement for two polarizations. Within a panel, the co-pol and cross-pol can be guaranteed, while 3-sector case may make the alignment disappear. 
The RF simulation has shown the antennal isolation for co-channel co-site inter-sector gNB-gNB CLI is in the range of 62-93dB, depending on different antenna pair and co/cross-polarization, and 75dB can be regarded as typical value as RAN4 agreement. 
It is worth noting that the above spatial isolation values (typical value for 75dB) based on HFSS simulation have not yet reflected EM conjugated structure as used in the testbed for two panels within a sector. In the testbed to evaluate self-interference within a sector, the EM conjugated structure can improve around 20~30dB additionally. It is anticipated that the similar improvement if the EM conjugated structure is installed between two-sector antennas. Hence, with the EM conjugated structure, it is expected that the achievable antenna isolation shall be improved by around 25dB.

9.2.2.2.2	[Company Name]
9.2.2.2.3	[Company Name]
[bookmark: _Hlk142656802]9.2.2.3	Conclusion
Editor's note: This section captures the conclusion for feasibility study on co-channel inter-sub-band co-site inter-sector interference based on RAN4 agreement. 
Based on the feasibility study on co-channel interference from co-site inter-sector gNBs in Section 9.2.2.2 and the summary table provided in Section 9.2.2.1, for FR1 WA BS, it can be concluded that depending on the implementation of spatial isolation, frequency isolation, beam nulling, and digital IC, the SBFD co-channel interference from one co-site inter-sector gNB can be controlled to the level of [4.6dB~29.2dB] below the noise floor. 

9.2.3	Co-channel inter-sub-band inter-site interference analysis
Editor's note: This section captures the CLI modeling. As approved previously, ACLR and ACS value can be reused. 
[bookmark: _Hlk142656824]On the feasibility and how to model inter-site gNB-gNB CLI modelling considering unwanted emission and receiver selectivity, RAN4 agree that
· The same transmitter leakage and receiver impairment model as used for investigating gNB self-interference, but antenna isolation is replaced with inter-site isolation.
· TX leakage baseline: gNB ACLR
· Receiver impairment can be studied with gNB ACS as baseline for system level simulation and feasibility study, and further study on the possibility of improved receiver impairment performance compared to gNB ACS shall not be precluded in future RAN4 works.

9.2.4	Summary
Editor's note: This section captures the conclusion of BS SBFD feasibility. 
< END OF Text Proposal>
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